2004 Sumatra earthquake from 38 GPS stations up to 7500 km from the epicenter. They 13 showed that by tracking the displacement field for 15 min after the origin time, the 14 estimated magnitude would have been M w 9.0, indicating great tsunami hazard. The analysis 15 assumed that the epicenter and the focal mechanism were known. Since the heterogeneity 16 of slip on the fault has important effect on tsunami generation, Sobolev et al. (2007) 17 proposed an array of GPS stations perpendicular to the trench ("GPS shield") for early 18 tsunami warning in the Padang region of Sumatra. These authors also proposed deployment 19 5 The downdip edge of the fault is at a depth C of 25 km. [While the example is for 1 illustrative purposes only, we note that these parameters are reasonable for M w ≥ 7.5 2 earthquakes along the Mexican subduction zone, from Jalisco to Tehuantepec, as revealed 3 by numerous studies on seismicity, and large earthquakes and their aftershocks (see, e.g., 4 Singh 
18
These characteristics may be used to estimate the location of downdip edge of the fault 19 with respect to the coast, the length of the rupture and M w , from observed coastal static 20 displacements. We will assume that the dip of the interface, δ; the location of the 21 seismically coupled part of the interface and seismogenic width, W s ; and hence the 22 associated depth C (Figure 2 ) in the region are known from previous studies. Figure 3  23 suggests following steps to estimate the parameters useful for early tsunami alert: 24
25
(1) Estimation of the location of the downdip edge of the fault from observed 26 subsidence or uplift of the station. For example, if U z is negative along the coast 27 (subsidence), the surface projection of the edge of the fault cannot be much farther 28 inland than ~13 km from the coast. In such cases we can fix the downdip edge 29 below the coast. If U z , on the other hand, is positive (uplift), then the fault 30 projection must be more than ~13 km inland. Here, a priori information on thedowndip limit of the seismically coupled part of the interface provides a useful 1 constraint. We note, however, that an error of ± 20 km in the selection of the 2 downdip edge is possible. However, since U y is roughly constant across the surface 3 projection of the edge, this error is not significant. 4
5
(2) Estimation of the length L from the horizontal static displacement vectors. Due to 6 heterogeneity of slip on the fault, these vectors will neither be as parallel nor as 7 constant along the coast above the fault as seen in Figure 3 . We, nevertheless, 8
expect U x to be much smaller than U y over a subduction thrust fault. This is 9
confirmed from Figures 4 to 11 which show observed the static vectors of eight of 10 the nine earthquakes studied here. Henceforth we will assume that U x = 0 and U y 11 equals the amplitude U h of the horizontal vector. We will define L to be equal to the 12 distance along the coast where U y ≥ (U y ) 20 . Here (U y ) 20 = 0.2(U y ) max . In fact, in the 13 estimation of L we will include all stations within ± 20 km of the surface projection 14 of the downdip edge where U y ≥ (U y ) 20 . Since U y decreases very rapidly away from 15 the edges, the estimation of L is straightforward if there is sufficient number of 16 stations along the coast. For most of the earthquakes considered here, the data along 17 the coast is sparse. In these cases, we take the last station with U y > (U y ) 20 and the 18 adjacent one where U y < (U y ) 20 , and use a linear interpolation to determine the point 19 where U y = (U y ) 20 . For the Sumatra 2004 earthquake all the available displacement 20 vectors are larger than (U y ) 20 (Figure 8 of downdip edge of the fault from the trench, and the dip δ. We now have all the 28 elements to define the origin of the coordinate system in Figure 2 . 29 7 (4) Computation of <U y >, the average of the observed U y values over L. We note that, 1 in general, the stations along the coast will not be along a straight line parallel to the 2 trench, i.e., their locations will not be along y = constant. However, since U y is not 3 very sensitive to y, we will assume that the stations fall on a y = constant line in the 4 estimation of <U y >. As in the estimation of L, we compute <U y > including all 5 stations with U y ≥ (U y ) 20 The coseismic static displacement caused by this earthquake was obtained from campaign-22 mode GPS measurements carried out before and after the earthquake (Figure 4 ) (Melbourne 23 et al. 1997) . We note that the vertical displacement, U z , was negative along the coast. The 24 tide gauge record at Manzanillo also shows a subsidence (Ortiz et al. 2000) . This indicates 25 that the rupture did not extend more than ~13 km inland from the coast. The horizontal 26 displacement rapidly decreases between stations CHAM and CHAC to the NW and 27 between CRIP and SJDL to the SE. From the criterion mentioned above, the estimated 28 rupture length, L, is 227 km. As mentioned earlier, the width, where U y was less than (U y ) 20 but the site was uplifted. From these data we surmise that the 23 slip on the plate interface occurred offshore, with the horizontal projection of the downdip 24 edge reaching the coast. In any case, it did not extend more than about 13 km inland. There 25 is some ambiguity in defining the SW limit of the fault due to the geography of Hokkaido. 26
In this case, we estimated the limit by linearly extrapolating the data at stations 0144 and 27 0142, and determining the point where U y = (U y ) 20 8.14) which is nearly identical to the previous estimate. For comparison, the GCMT catalog 5 reports a focal mechanism characterized by φ = 250°, δ = 11°, λ = 132°, and M 0 = 3.05x10 21 
6
Nm (M w = 8.26). Although the fault plane defined by the square in Figure 6 , φ = 210°, δ = 7 15°, λ = 90°, differs considerably from the one reported by GCMT, the seismic moments 8 are nearly the same. We note that our estimates of the source parameters are in reasonable 9 agreement with those from the inversion studies mentioned above. 10 
NIAS EARTHQUAKE OF 28 MARCH 2005 2 3
Four continuous GPS stations were operating in the epicentral zone of this earthquake 4 (Konca et al. 2007) . These stations are shown in Figure 9 along with horizontal and vertical 5 static displacements (from Table 1 Tohoku-oki earthquake. The duration of source time function was ~ 160 s (Ide et al. 2011) . 27
Thus, the static displacement vectors at coastal GPS stations located ≤ 500 km from the 28 hypocenter would have been available in < 5 min. As our analysis is simple, the estimate 29
time. An advantage of the proposed method is that it does not suffer from the limitation 1 imposed by the point-source approximation to analysis near-source data of great 2
earthquakes. 3
The method can be customized for each segment of a given subduction zone so that 4 the selected parameters closely reflect the available knowledge for that segment. 5 We have assumed that the coastal static displacement vectors are associated with 6 shallow, thrust earthquakes. In some cases, they may be a result of outer rise normal 
